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Abbreviations

AFFF aqueous film forming foam

AGQS Ambient Groundwater Quality Standard
APFG-ammonium perfluorooctanoate

ATSDR Agency for ToxiSubstanceand Disease Registry
BMD-benchmark dose

BMDL-benchmark dose lowelbound confidencdimit
C8-an alternative name forgrfluorooctanoic acid

CAR- constitutive androstane receptor

CAS# Chemical Abstracts ServiBegistry Number
CDG-Centers for Disease Control and Prevention
CSF-cancer slope factor

d - day

DAF-dosimetric adjustment factor

IR—ingestion rate

IRIS Integrated Risk Information System

kg- kilogram

L- liter

LHA-lifetime health advisory

Ln—naturallogarithm

LOAEL lowest observed adverse effect level
MCL—maximum contaminant level

mg - milligram

MDH- Minnesota Department of Health

MRL—minimal risk level

ng- nanogram

NHDES-New Hampshire Department of Environmental Services
NHDHHS- NewHampshire Department of Health & Human Services
NIS- National Immunization Survey

NJDWQ+ New Jersey Drinking Water Quality Institute

NOAEL-no observed adverse effect level



NTP- National Toxicology Program

PFAS- perfluoroalkyl substances

PFHxS perfluorohexane sulfonic acid

PFNA- perfluorononanoic acid

PFOA-perfluorooctanoic acid

PFOS- perfluorooctane sulfonic acid

POD- point of departure

PPAR peroxisome proliferatoiactivated receptor

ppb—parts-per-billion

ppt — parts-per-trillion

RME-reanable maximum exposure

RSG-relative source contribution

t1» — half-life

UF-uncertainty factor

USEPA U.S. Environmental Protection Agency

Vg —volume of distribution

WHO-World Health Organization

o —alpha, used to denote specific subtypedailogical molecules (i.e., proteins)
B—beta, used to denote specific subtypes of biological molecules (i.e., proteins)

Yy - gamma, used to denote specific subtypes of bimabmoleculegi.e., proteins)
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Section |IExecutive Summary

The objective of the healthased risk assessment widentifying drinking water concentrations of
perfluorooctanoic acid (PFOA), perfluorooctane sutfaiid (PFOS), perfluorononanoic acid (PFNA) and
perfluorohexane sulfonic acid (PFHxS) that provide adequate protection of human health at all life
stages, including but not limited to preatal developmentThis document provides the technical basis
for the proposednaximum contaminant level$/CLsg) which by law become Ambie&@ oundwater

Quality Standards (AGQSs)Jowing evaluationof technicalcomments submitted up to April 122019
public comment deadlineas well as peereviewed scientific literature published since Janukfy2019

and external review by Dr. Stephen Roberts at the University of Fléx&a result of this process,

NHDES is propositige followingmaximum contaminant levels (BLs)

12 ng/L forPerfluorooctanoic acid, or perfluorooctanoatéPFOA

15 ng/L forPerfluorooctane sulfonic acid, or perfluorooctane sulfona@FO%
11 ng/L forPerfluorononanoic acid, or perfluorononanoat@®FNA

18 ng/L forPerfluorohexane sulfonic acid, orgsfluorohexane sulfonatg PFHx$

= =4 =4 =

These healtthased values are intended as hegftiotective limits against the chronic health effects for

a throughlife exposure. The primary associated health outcomes are hepatotoxicity and changes in lipid
metabolism(PFOA and PFNA), suppressed immune response to vaccines (PFOS) and impaired female
fertility (PFHxS). Secondary associated health effects that are expected to be less sensitive are changes
in thyroid and sex hanone levels earlylife growth delays, changen cholesterol leveland biomarkes

of liver function neurobehavioraéffects, anda possible risk for certain cancers (i.e., testicular and

kidney cancer).

Theseproposed MCLs are lowethan those proposeth January 2019 (NBES 2019s a result ohew
studies and modelthat indicatethe standards need to be lower to be adequately protectifdealth
at all life stages. Specifically peer reviewed toxicokinetic model wasblished by theMinnesota
Department of Health (Goeden et al., 20184t predicts blood serum levekscross a lifetimeUsing
similarstudiesas those from the initial proposal anldose suggested in technicadmmens submitted
by April 12", 2019,this model indicates lower standards are necessary to avoid unaccegiabigtions
in the serum levels of breastfed infanggd children who were breastfed as infants

The technical basis for tiroposed MCLs is detailed in Sections Il and 1V, and the modeling results and
conclusions are presented in Section V. Brieffig riskassessment utiliztupper value; conservativé
estimatesregarding daily water consumption rates throughout life, breastmilk consumption rates
through infancy, the duration of exclusive breastfeeding (12 montk&tive source contribution
absorption efficiencynd consideration of breastmilk transf&@entral tendencyor less conservative,
assumptionsncluded:use of uncertainty factors, human hdifie estimates, acental and breastmilk
transfer efficiencies of PFA&hdthe recommendaion of individual MCLs instead of assuming
toxicological equivalencgmong the four PFAS evaluated

The health effects of PFAS is an evolving area of research and it is expecfetLiieatesearch will
improve our understanding @ghe quantitative risk associateavith PFASThis may result in higi or
lower recommendations for these and other PFAS in the fulNKDES is committdd reviewingnew
scientific informatioron PFASo improvethe understandingof this large group of chemicadsmd making
future recommendationgor evidencebased health protectiverinking waterstandards



Section llintroduction

Perfluorooctanesulfonic acid (PFOS), perfluorooctanoic acid (PFOA), perfluorononanoic acid (PFNA), and
perfluorohexanesulfonic acid (PFHxS)iadBvidual compounds ia large class of chemicals known as
perfluorinated compounds (PFCs) and more broadly asgwef polyfluoroalkyl substances (PFAS). They
have been widely used since the 1940s in commercial, industrial, and household products and
applications, including production of wategrease, andtain-resistant materials, fire suppression

foams, nonstick cookwarewaxremovers, etc(ATSDR 2018b)

All four compounds have been detected iTheir New Hamp
widespread use, persistence and mobility in the environment and bioaccumulative progeaties

resulted in the detection of PFASblood serum in humans and animals worldwidibis has led to

considerable research intheir toxicity and health effects.nE health effects associated with PFAS

exposure are currently being researched extensively by toxicologists and epidemiologists worldwide,

resulting in numerous publications being released on a continuous basis.

According to the Agency for Toxic Substand Disease Registry (ATSDR)(ATSDR 2018b) the following
health impacts may be associated with PFAS (specific compasndsed by ATSDR

Hepatotoxicity- changes in certain liver enzymes in serum (PFOA, PFOS, PFHXS)
Increases in total and L@holesterol levels (PFOA, PFOS, PFNA)

Small decreases in birth weight (PFOA, PFOS)

Endocrine system effects (PFOA, PFOS)

Reproductive toxicity decreased fertility (PFOA, PFOS)

Immunotoxicity- decreased vaccine response (PFOA, PFOS, PFHxS)

Suggestive edience of carcinogenicity, specifically testicular and kidney cance (FHRDS)
Suggestive evidence of association with pregnanduced hypertension and/or preclampsia
(PFOA, PFOS)

= =4 =4 4 -4 - -8 -4

For additional information on the toxicity and health effects of theempounds, please visit the ATSDR
webpage athttps://www.atsdr.cdc.gov/pfas/healtkeffects.html

In addition to the ATISR draft toxicological profile on perfluoroalkyls, several ottate (NJDWQI 2017,
2018ab;MDH2018, 2019ab; Ml PFAS Science Advisory Panel 2018), federal (EPA 2016ab; NTP 2016) and
international agencies (IARC 2016; Health Canada 2016ab; EFSA 2018) have reviewed the toxicological
data related to PFAS and identifidchgar associated health impacts.

Thisdocument presents the healtbased risk assessment that derived reposd MCLs andmbient
Groundwater Quality Standard8GQ$for these four compounds. In January 2019, NHDES released its
initially proposed MCLalong with a supporting documethat explaired the rationaleusedand

scientific literature reviewdto arrive at its recommendation (NHDES, 2019). The current report is not
an exhaustive review of all existing studies that reference PFOA, PFOS, PFNA, PFHXS or;other PFAS
rather, it is an update to the@reviousassessment afteevaluationof newer studis andtechnical

comments since the initidMCL proposal in Janua2$19 (NHDES, 2019).


https://www.atsdr.cdc.gov/pfas/health-effects.html

Section IlIReference Dose Derivation
The U.S. EPA (20af8fines areference dosg€RfD)as:

“An estimate (with uncertaitly spanning perhaps an order wfagnitude) ofa daily oral
exposure to the human population (imcling sensitive subgroups) thistlikely to be
without an appreciable risk of deleterious effects during a lifetinfe

For PFAS RfDcan be expressed in units of nanograms of specified PFAS (ng), peolgr am of a pe
body weight (kg), per day (ng/id). This allow$or estimation ofchemicalspecificdaily doseshat are

readly scaled to persons of differing siz&sRfD is not the same as the minimal risk levels (MRLS)

developed andisedby ATSDHRh that 1) MRLs arenot developed with the same considerationsRfDs,

and 2)MRLsarenot used to define action or clean up levels for chemical contamin@R# 2002;

ATSDR 2018aNHDES derived Rffas PFOA, PFOS, PFNA and PFHxXS (Tahdilifipnally, t is

important to note that a Rflls a populatioAevel valueand its associated blood concentratismot

considered clinicaly-relevantvaluefor individuas.

Table 1.Summary of RfDs and MCLs.

Compound Reference dose Exposu_re Maximum Contaminant
(RfD) Assumptions Level (MCL)
Perfluorooctanoic acid (PFOA) 6.1 ng/kgd See Section IV 12 ng/L
Perfluorooctanesulfonic acid (PFOS) 3.0 ng/kgd See Section IV 15 ng/L
Perfluorononanoic acid (PFNA) 4.3 ng/kgd See Section IV 11 ng/L
Perfluorohexanesulfonic acid (PFHxS) 4.0 ng/kgd See Section IV 18 ng/L

Derivation of a RfD requires selection of three components (Equation 2): a point of departure (POD),
uncertainty factors (UF) and, where appropriate, a dosimetric adjustment factor (DAF). The POD is based
on a sensitive andumanrelevant critical health ffect from either animal or human studies. For PFAS,

this is typically a blood concentration of a certain compound at which there is no observable adverse
effect in animalge.g. rodents)As rodents are not humand)¢ UFHs appliedto be protective by

reducing the animal POD to a lower and acceptédilman target serum level. The DAF then converts,

by estimation, the blood concentratioimg/mL)to a body weightadjusted (kg) amount of the chemical

(ng) external to the body that would need to be ingestedaodaily basis to reach the human target

serum level.

Point of depa mL )
= c

rtur n
Reference do_l—_s—e—(—ﬂ—g—/—k—g—/—d—)—_x Do ir%e i adj.ust ment fac
ot a'l uncertiainty factors (unitless)

As theEPARfDs for PFOA and PFOS were deemed insufficientlyctix@eand thereare no values for
PFENA or PFHxS in tBRA Integrated Risk Information SystéRI$ database, NHDES evaluated the RfD
proposed by other agencies and derived its own vallibs. remaier of Section lidescribes how RfDs

for PFOA, PFOS, PFNA and PRdrSderived followingevaluation ofrelevant studies antechnical
comments submitted to NHDES by Apri'12019 as well as scientific uncertainties specific to the RfDs



Perfluorooctanoic acid or perfluorooctanoate (A CAS#835-67-1

Principal study & consideration of health effects

For the derivation of a RfD and MCL for PFOA, NHDES recommends the critical health effect of increased
relative liver weight (Loveless et,&006; NJDWQI 2017) as an indicator for tveset of hepatotoxicity.

This is the same critical health effect previously selected in the initial MCL proposal (NHDES 2019), and
based on review of the literaturendtechnicalcomments received NHDES remains confident in this
recommendation.

Sincethe initial MCL proposal by NHDES at the start of January 2019, adbsfiodi2s have been
published related to associations between PFOA and human health imrglaotswith studies
demonstrating toxicity in rodent modelRelativeto the critical effecproposed by NHDES, thesiee

three new studies that merit acknowledgmentth regard torelative liver toxicity. Thisincludes two
studies from highhexposedpopulations(Bassler et al., 2019; Nian et al., 2019) and evaluation of
background exposure leleefrom the 20112014 NHANES dataset (Jain &ndtatman2019).Bassleand
colleagueg2019)reported associations betweemon-clinical bionarkers othepatocyte apoptosis (cell
death) as well as altered inflammatory disea$ehe liverwith exposure toPFOAandother PFASvithin

a subset of subjects from the C8 CoheneanPFOA serum leve#.6ng/mL) In the C8 Health Study of
China(n = 1,605 participantsnedian PFOA serum level of 6.19 ngyriker enzymemarkers such as
ALTandAST showed signifiat increases witmatural log [n)-unit changes of PFOA, other PFAS and
their isomers (Nian et al., 201#nalysis of the 202014 NHANES data (n=2,883 subjedetected
consistent associations between PFAS, including PFOA, and increased ALT arab&@Tirdividuals.

It is noted that the crossectional designf certainstudiesand the lack ohdjustments for false
discoveryfollowing multiple comparisons underscore typical challenges of relying on epidemiological
studies to demonstrate causal rélanships, ortheir utility for determining thePOD in RfD development.
Qualitatively, these studieginforceNHDES consideration of altered liver functaord hypertrophy in
rodentsas a critical health effedor the basis of its PFC&D.

Studiespublished prior to 2019 wereonsidered as a part of the initial PFAS MCL proposal put forward
by NHDES (2019his includeakvaluationof peerreviewedevidence for:
1 associatedmmunotoxicityassummarized by the National Toxicology Program (NTP 2016)
ATSDR (2018, DeWitt et al, (2012) Kirk et al.(2018)and Chang et gl(2016)
1 developmental toxicityn animal model¢Butenhoff et al., 2004Lau et al., 2006; White et al.,
2007; Wolf et al., 2007; Hu et al., 2010; Onishchenko et al., 2011; White et al., 2011; Albrecht et
al., 2013; Cheng et al., 2013; Koustas et al., 2014; Quist et al., 2015ab; Koskela et al., 2016),
associatedetal and nematal growth impacts in humans (reviewed dgrner et al., 2019\egri
et al., 2017; Rappazzo et al., 20Ligw et al., 201&nd ATSDR 20&Bandconsiderationof
developmental outcomes evaluated the U.S. EPA LHA for PR®DAO ng/L(EPA 2016a),
9 assodated humanhealth outcomesased orthe C8 studiesHrisbee et al., 2009, 2010;
Steenland et al., 2009, 2010ab, 2013; Stein et al. 2009, 2013;-Egpamsa et al., 2011,
2012ab; Gallo et al., 2012; Savitz et al., 2012ab; Steenland and Woskie 2012t Bay3013;
Darrow et al., 2013; Fletcher et al., 2013; Vieira et al., 2013; Watkins et al., 2013; Winquist et al.,
2013 Darrow et al., 2016



1 anddelayed mammary gland development in mice (White et al., 2007, 2009, 2011; Macon et al.
2011; Tucker eal., 2015)

In its initial proposal, NHDES agreed with the assessment made by the New Jersey Drinking Water

Quiality Institute (NJDWQI) relative to adverse effects on the liveMN#IGES maintains this positidn.

their 2017 document, NJDWQI summarize@lemce from studies in nehuman primates, various
strains of r odent wutmitenas well asitha existiRgrepidemioldgio stuclidss

|l ead the NJDWOQI to the concl us i-accupatiohahstudidsagwelk wa s
as evidence of specificity, expostnesponse, strength, and biologikplausibility for PFOA and ALT.

These findings provide evidence supporting a caus
2017). Thg also acknowledge the limited epidemiologic evidence, as of 2017, to definitively prove a

causal relationship with PFOA and liver disease, and the available studies did not find an association.
(NJDWQI 2007 While NHDES does not agree with the applicatita full database uncertainty factor

(NJDWQI 20183he arguments made for consideration of hejgatffectsfor human health risk

assessmentvere deemed appropriate given the existing informatmmPFOA.

The ATSDR 2018 draft toxicity profile for pexfhalkyls recognized the likely associations between

PFOA and hepatotoxicity (e.g., increased serum enzyme concentrations and effects on serum bilirubin)
after consideration of similar epidemiological studies and the NJI2WTH report(NJDWQI 2017,
ATSDRO018&). After additional review of this same document (ATSDR BDDNHDES agrees there is
concern for the associations between exposure to PFOA and the following human health outcomes:
increases in serum lipids (i.e., total and LDL cholesterol), disruptithyroid hormone function and
transport, decrease vaccine response, decreased fertility and reduced birth weight. The scientific
evidence is less clear regarding other suggebtatanhealth associations and merit further

investigation to establish wather these effects are truly linked to PFOA exposArethis relates to the

RfD derived by NHDES, it was determined that the animal study selected by ATSDR was not appropriate
for RfD derivation following NHDES understanding of EPA methodology (EPArgD@2)s therefore

not selected for use in the initial or final MCL proposal.

Regarding carcinogenicityHDES derived a PFOA MCL based ortacer endpointsThe U.S. EPA
andInternational Agency for Research on CancgR(@ determined that the currenhevidence indicates
that PFOA ia suggestive (EPA 2016) or possible (IARC 2016) carcinogen in humanspecifiéso
suggestive evidence famcreased risks of kidney and testicular carsen in rodents and mixed
associations from human studies (Barry et al., 20L8p otheragencies, the USER2016a)and
NJDWQ(2017) have derived cancer values for PFQ@kg the same principal rodent stuétyr PFOA
carcinogenicitfButenhoff et al. 212). TheU.S. EPA (2016a) aNdDWQI (2017) arrived possibleMCL
values of 500 ng/L ant¥ ng/L, respectivelyfor aone-in-a-million risk for testicular canceMore
recently, the California Office of Environmental Health Hazard Assessment (20183d¢rasnended a
similar value of 14 ng/L for PFOA citing concern for liver damage and c@hrediscrepanciy cancer
based MCL estimates highlights the need for better information to inform cancer risk assessment
PFOAand is expected to be an evalgiarea of research in years to corRegardless of whichever is
the more accurate assessment, the proposed MCL for PFOA is lower than the more conservative of
these two estimates.



Determination o& point of departure

As previously proposeldy NHDE$2019), the principal study and point of departuie@D wasthe same
study (Loveless et aR006) recommendedand benchmark dosenodeled by the NJDW@O017).The
critical hedth effectwasincreased relative liver weight in male mice followintdad oralexposure to
APF(Loveless et 812006) There is consistent evidence fiorer toxicityacross wildypea nd PP AR«
knockout mice(Butenhoff et al., 2004Loveless et al., 2008; Son et al., 2008; Cui et al., 2009; Elcombe
et al., 2010; Yahia et al., 201Dan et al., 2013/Vang et al., 203; Rebholz et al., 201&; et al., 201}, as
well as persistent effect on liver size and structure following gestational exposure to similar dosing
regimens Quist et al., 201p Rat studies have suggested that thigeffis an adaptive response that will
dissipate following cessation of the exposure to PEBuenhoff etal., 2004 Hall et al., 2012 Beyond
rodent models, cynomolgus monkeys display hepatic hypertrophy, increased serum triglycerides and
decreased seruni, following chronic exposure (26 weeks) to APFO (Butenhoff et al., 288®)relates

to the presenthuman healthrisk assessment for an MGhese effects are not entitg adaptive as

animal studies suggest persistent changes in the liver following expdsurg early life stage@uist

et al, 20159. NHDESlsomaintains it previousposition that whether the response is adaptive is not
relevant todrinking waterexposues as the general population should not requiegovery periods

from publicwater. Furthermore, unlike rodents that display relatively short Haiés for PFOA and other
PFAS, onceumans areexposed tancreasedevels ofPFOA they will maintain elevet serum levelsn

a time scale of months to yearshis means thairief external exposurebecomechronic internal

doses especially if the external dose is relativhigh The effects on liver function amnsidered a
chronic health outcome based ohé existing body of literature.

ThisPODis based on théenchmark dose modeling work conductedthg NJDWQ2017)in their
technical documentsor their proposed RfD and MCL 200 ng/kg-d and14 ng/L, respectivelythat
identified a POD for PFOA4B51 ng/mL based on increased liver weigditiDES did not arrive at the
same RfD due to differensé the application of uncertainty factorgifferences in the final MCL are
due toN H 'use of the transgenerational exposure moéal breastfeedingGoedn et al., 2019).

Application of uncertainty factors
A total uncertainty factor of 100 was applied to tR®Dfor PFOA based on:

Intraspecies variability (10) x Interspecies variability (3) x Database limitations (3) = 100

For the nonrisk assessothe units of 3 and 10 are for partial (half) and full log units. So, a full log unit of
10 equals 1§ but a half log unit of 6or 1P°is equal to 3.162. As a convention of risk assessment
using EPA methodology (EPA 2002), the value of 3.J889ened as3. Thus, 1& 3 x 3 is rounded to
100from 99.982.

The full factor of 10 for intraspecies variability was deemed appropriate to protect for the poorly
characterized differences in toxia@ynamicgx 3 and-kinetics(x 3 within the humanpopulation.As

NHDES applied a DAF to convert the rodent serum concentration to an oral human dose, only a partial
uncertainty factor ¥ 3 was applied for interspecies variability. As the NJDWQI (2017) derived a
benchmark dose, there was no need for amlgigional uncertainty factors to account ftwwest



observed adverse effect levelQAELto no observed adverse effect lev®l@QAE)conversion. As the
critical effect of hepatic hypertrophy is considered the onset of the adverse effect in a sensitie¢ mod
species, no additional uncertainty factor was applied to account for awutdronicduration of
exposure.

Although NHDES agrees with the NJDWQI selection of a critical health effect and derivét@®oROD

for PFOA (NJDWQI 201NKIDES$oncluded tlere is insufficient evidence supporting the application of
the more conservative full database uncertainty fag2.0). In technicalcomments submitted on the
initially proposed MCLs, this decision was the subject of multifiigues On one handsomehave

argued the use of a partial uncertainty factor was ungestective as the NJDWQI applied a full factor

(x 10 due to concern$or observations oflelayed mammary gland development in mice exposed to
PFOA during perinatal development (NJDWQI 2014 references therai). NHDES notes that the
USEPAHA (2016a) and CDC’ Iy didnodtadpliRanydatabfage uncestginbyrfactor ( 2 0 1 8
with respect to the mammary gland development studies in rodgiten the lack of clarity towards
human health relevancérable 3). Similar to New Hampshire, two other state agencies, Minnesota
(MDH2018 and New Yorkpfesentation,October, 2018 derived RfDs for PFOA affording only a partial
uncertainty factorfor this and other adverse health impacts observed in rodent and epidemiological
studies.It should be noted that both of these other agencies did not use the $2@iaas NJDWQI or
NHDES, where Minnesota utilized a hige€@Dand New York utilized a lowB®xODcompared to the
benchmark doseBMD) value from Loveless et a(2006). Thus, NHDES believes that the application of a
partial database uncertainty factor @ is appropriatéy protectivewithout being overly conservative
given thecritical health effeckelected and thexisting toxicological and epidemiological database.

Estimation o human equivalent oral dose

ThePODrepresents an internal animal serum level associated with the adverse health outcome of
concern. Dividing th®ODby the total uncertainty factor yiekia protectivetarget serum level
equivalent for the human popation. This is not a clinical or diagnostic value, nor should it be
interpreted as such

4,351 ng/ mL
Target serum —I—el—vaeal—:de.BF@g/mL

To esimate how this internal blood level corresponds to an external oral dose of the specified
compound, a dosimetric adjustment factor is applied by multiplication to identify a dasgah
specifiedPFASper kg of individual body weightiper day (ng/ked). This step accoustor the highy-
bioaccumulative natureandunique halflife estimatesof each compoundand is consistent with prior

risk assessment methods for derivation of RfDs for PFAS (USEPA 2016ab; NJDWQI 201 T2®18a; A
201&; MDH2018,2019ab) The human equivalent oral dose is estimated by the following equations

Point of departure (PQD) )
= X si.metric a(dLJ“y)stment f act

Ref erence = X
ot al uncertainty factors

Where the DAF is equal,to



Ln(2)
DAF ax —/
ti/ 2
DAF Ll Ka—x'22 1. 4m81x/1do
-n 40 days g

Consistent with the initidPFOAMCL proposal (NHDES 2019), the volume of distributigrnf¢f’ PFOA

was 170 mL/kgTthompson et al., 203EPA, 2016aFor ts revised and final proposal, NHDES selected

the serumhalf-life of 2.3 years for PFOA (Bartell et 2010). NHDES acknowledges that the Hd# of

2.3 years is slightly less conservative than the initially proposed value for RfD derivation of 2.7 years (Li
et al. 2018; NHDES 201%hischangewas due, irpart, to the consideration ottis halflife being more
appropriate given the significantly higher exposure specific to PFOA described in Bartell étQlaii2io

the larger sample size than that in Li et al. (2018)

Thus, using this chemiegpecific DAF and the aforementioned point of departure and uncertainty
factors, NHDES derived an oral reference dose for PF&A md/kg-d.

4,351 n%/mL
Ref erence &gﬁﬁr@RlDﬂmBHWQ: 6.-dL ng/ kg



Perfluorooctane sulfonic acid or perfluorooctane sulfonate (RIEASH 76323-1

Principal study & consideration of health effects

For the derivation of a RfD for PFOS, NHDES recommends the critical health effect of suppressed
immunoglobulin M (IgM) proglction in male mice as proposed by the Minnesota Department of Health
(Dong et al.2011;MDH 201%). While NHDES previously proposed a RfD based on developmental
toxicity, the review of existing and emerging evideraredtechnicalcommentssuggest thatlie use of

this immunotoxic endpoint represents a maappropriatelycautious approackor the risk assessment

of PFG

Since the initial MCL proposal by NHDES at the start of January 2019, additional studies have been
published related to associatiohetween PFGandhuman health impacts along with studies
demonstrating toxicity in rodent models the same studies that found associations between PFOA and
serological markers of liver function (Nian et al., 2QIEn anducatman 2019;Bassleet al,, 2019),

PFOS was also associated with liver dysfunction and markbepaficinflammatory responses.

Relative to the critical health effect selected by NHDES, one additional study on immunosuppression in
humans was published since January 204% praspective study o8-month oldinfants from China (n =

201 participants), cord blood levels of branched isomers of PFOS were associated with reduced
concentrations ofintibodies towardenterovirus 71 & causative viral agent of hasidot-and-mouth
diseaseZeng et al., 2019Aside from hepatic and immune effects, additional studies have suggested
associations betweeprenatalPFO3evelsand early onset of puberty in girls from the Danish Birth

Cohort (Ernst et al., 2019) and an estrogmadiated relationship betweenord blood levels dPFOS

and birth weight{Wang et al., 2019). As with many epidemiological studies on PFAS, many of these
recent studies possessedrious combinations dimitationsincludinga lack of analysis for other
environmental contaminants, limited sample size and lack of analysis for the influence of breastfeeding.
However, they collectively demonstrate that there is a growing body of evidence for adverse health
impacts associated with PFOS.

Studies published prido 2019 were considered as a part of the initial PFAS MCL proposal put forward
by NHDES (2019). This inclue@sdluationof peerreviewed evidence for:
1 immunotoxicityassummarized by the National Toxicology Program (NTP 28T&©QDR (20bB
DeWitt et al, (2012)and Chang et 3l(2016)
1 developmental toxicityn animal modelgLau et al., 2003; Thibodeaux et al., 2003zbker et
al., 2005abjahia et a].2008; Butenhoff et al2009;0nishchenko et al., 201Rogers et al.
2014; Wan et a)2014), fetal and neonatal growth impacts in humans (reviewed by Verner et
al., 2015; Negri et al., 2017; Rappazzo et al., 2017; Liew et al., 2018 and ATIS)Rrk018
consideratiornof delayed developmerin the U.S. EPA LHA for Fe®70 ng/L(EPA 2016),
1 neurobelavioral and thyroid hormonassociated effects (as reviewed by ATSDRI2018

NHDE&cknowledges that theurrentunderstanding of the immunotoxic effects of PFOS, other PFAS
and their interactions is an evolving aref researchAs described by DeWitt et al. (2019), the
interpretation of immunosuppression is important to consider when evaluating the relevance of
associated outcomesom human studies, as well as measdresponses from rodent3he current

body of literatureis nd mature enough talearly evaluatelinical relevancéo humans or lack thereof
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(Chang et al., 2016); however, the NTP (2016) concluded that PF@Srise sumed t o be an
hazar d t based onmamasahd humatataavailable at that timeMousestudies indicate that
PFO%mpairs theT celldependent antibody responsat low doses following subhronic exposure
durations (Dong et al., 2009, 2011; revieweddsWitt et al., 2012, 20)9and was selected as the basis
for a PFOS Rty several agenes including NJDWQI (NJDWQI 20a8her detailed byPachkowsket

al. 2019), NYDOH (2018) and proposeiDH(2019a) Although the ATSDR MRL for PFOS was based
on developmental delays (Luebker et al., 2005ab), they applied an additional uncertaiotydat0

due to the evidence for immunotoxicity (ATSDR, 2)18ollectively, this indicates that the lower dose
range at which the immunotoxic effects occur in rodents is recognized as an appropriately protective
range for selection of a PODhere is afitical need for replication and use of larger study populations
for understanding the immunomodulatory associations reported for PFOS and other PFAS.

NHDES derived a PFOS MCL based ogararer endpoints due to a lack of adequatecinogenicity
studies.IARC has not classified the carcinogenicity of PFOS at thisTtimél.S. EPdetermined that
PFOS was a suggestive carcinogen (EPA, 20teb)s specific to suggestive evidence for increased
incidence ofiver and thyroid adenomas in ratsllowing chronic exposurdhe recommendation of
using norcancer endpoints over cancendpointsis not unique to NHDE&s other agencies have
concluded that norcancer health endpoints are adequately protectiidDH2018;Michigan PFAS
Science Advisofiganel 2018 Should additional information become available that is adequate for
derivationof a cancer slope factor (CSF) for PFOS, NwlESnsiderthis in the framework of théVICL
process

Determination of point of departure

Following review of ta technical documentderiving RfD$or PFOS based on immunosuppression in
mice (NJDWQI, 2018; ATSDR 20P8ichkowski et 312019 MDH, 2019), NHDES agreed with the RfD
derivation recently proposed by the Minnesota Department of HeaitBK2019). This ©D is based on
serum concentrations of PFOS at the no observable adverse effect level (NOAEL) for suppressed IgM
production in male mice following 6@ oral exposure (Dong et al. 2011).ssnmarizel by MDH(2019),

the critical effect reported in Dong et.d2011) wasuppressed IgM production with a NOAEL of 2,620
ng/mL (oral dose0.0167mg/kg-d) and a LOAEL of 10,750 ng/mL (oral dose, 0.083 ra)/Kgprior

study byDong et al. (2009) reported a NOAEB®4 ng/mL (oral dose, 0.008 mg/y for reduced

plague forming cell response to sheep red blood cells, and a similar oral LOAEL as Dong et al. (2011).
However, the early work by Dong et al. (2009) did not include the intermediate dose of 0.016#dng/kg
that was identified as a NOAEL in their later w@kng et al. 2011). This is further complicated as the
specific effect was not replicated in both studies where plaque forming cell response was only measured
in Dong et al. (2009) and IgM concentrations in the later Dong et al. (284 bpth of these mitrics

describe different aspects of the same immune process tteeyupport the consideration of
immunosuppression at these low doses as a PlbEre remains the issue of discordance in dosing.

While benchmark dose modeling of these endpoints using the original data might prove valuable to
demonstrating these different metrics support a similar POD, the original data was not available for
modelingand the reported data has beatescribed asinamenable to benchmark dose modeling
(NJDWQI 2018As a result, NHDES agreed with the use of the NOAEL (2,620 ng/mL) for IgM suppression
(Dong et al., 201lipstead of the lower NOAEL of 674 ng/mL (Dong e2@09)as a POD.
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Application of uncertainty factors
A total uncertainty factor of 100 was applied to tR®Dfor PFOS based on:

Intraspecies variability (10) x Interspecies variability (3) x Database limitations (3) = 100

For the nonrisk assessor, thenits of 3 and 10 are for partial (half) and full log units. So, a full log unit of
10 equals 1§ but a half log unit of I®or 10P°is equal to 3.162. As a convention of risk assessment
using EPA methodology (EPA 2002), the value of 3.J88d9ented as8. Thus, 1& 3 x 3 is rounded to
100from 99.982.

The full factor of 10 for intraspecies variability was deemed appropriate to protect for the poorly
characterized differences in toxi@ynamics ¥ 3 and-kinetics & 3 within the human populationAs
NHDES applied a DAF to convert the rodent serum concentration to an oral human dose, only a partial
uncertainty factor ¥ 3 was applied for interspecies variability. T®@Dwas based on the NOAEL
described in Dong et al. (2011hus, there was no nekfor additional uncertainty factors to account for
LOAEL to NOAEL conversion. Dong et al. (2011) condugfedby exposure so no additional

uncertairty factor was appliedor acuteto-chronic duration of exposurés described biyiDH(2019),

an additional partialX 3 database uncertainty factor was applied due to concerns for reports of thyroid
disruption(decreased ) inneonatal animalsind the implications of these observations in terms of
neurodevelopment that has not yet bealequately studiedNHDES agreed with this consideration
given the suggestive evident® the human relevancef altered T levels(reviewed by Ballestos et

al., 2017 and ATSDR, 2018nd their potential implications fampaired neurodevelopmenih humans
(Grandjean and Landrigan, 2014)

Estimation o human equivalent oral dose

ThePODrepresents an internal animal serum level associated with the adverse health outcome of
concern. Dividing th®ODby the total uncertainty factor yields a protectit@get serum level
equivalent for the human populatiofThis is not a clinical or diagnostic value, nor should it be
interpreted as such

360 ng/ mL

2!
Target serum—l—el—vo—%—l—zfﬁe. PFO&/ mL

To estimate how this internal blood level corresponds to an external oral dose of the specified
compound, a dosimetric adjustment factor is applied by multiplication to identify a dasgdhspecific
PFAS per kg of individual body weight per day (ngjkghis step accounts for the highl
bioaccumulative nature andnique halflife estimatesof each compoungand is consistent with prior
risk assessment methods for derivation of RfDs for PFAS Z&F¢ab; NJDW(R017, 2018aATPDR
201&; MDH, 2018,2019ab).The human equivalent oral dose is estimated by the following equations

Point of de_pxartur_e (tPQD) di ¢ (
met.r cs a(LJJFu)S me n

Reference . i i
ot al uncertainty factor

f act
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Where the DAF is equal,to

Ln(2)
DAF ax —
ti/2

Ln(2

_ )
DAF = 23 Ol—PE{ZFlk:% a:1l>§/ S?rﬁLX/lleg

Consistent with the initial PFOS MCL proposal (NHDES 2019 ftnd*?¥#OS was 230 mL/Kthmpson
et al., 2010. In its revised and final proposal, NHDES maintains its use ofyad8.falflife estmate
based on the average across men and women, described in Li et al. (2018; NHDESHDES).
considered the longer halffe values reported for retired fluorochemical workers (Olsen et al. 2007),
and deemedhese to beinappropriately conservative gin the use of the Minnesota transgenerational
modelfor exposure assessment which emphasizes déeyand breastfeeding exposures.

Thus, using this chemiegpecific DAF and the aforementioned point of departure and uncertainty
factors, NHDES derived aral reference dose for PFOS of 3.0 ngdkg

2,360 ng%/mL
Ref erence d—eisﬁeo—(XRlD)ZrﬁI;x/}d{)g: 3.-dd ng/ kg
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Perfluorononanoic acid or perfluorononanoate (PFSAS&7595-1

Principal study & consideration of health effects

For the derivation of a RfD and MCL for PFNA, NHDES recommends the critical health effect of increased
relative liver weighin pregnant micgDas et al.2015; NJDWQ2018) as an indicator for the onset of
hepatotoxicity. This is the same critical headffiect previously selected in the initial MCL proposal
(NHDER019), and based on additional review of the literature NHDES remains confident in this

decision

Since the initial MCL proposal by NHDES at the start of January 2019, additional stueliesdra
published related to associations betweerNAandassociatechuman health impacts along with

studies demonstrating toxicity in rodent models.the same studies that found associations between
PFOA and serological markers of liver function (Nian et al., d@i®anducatman 2019;Bassleet al.,
2019), PRAwas also associated with liver dysfunction and markers of hepatic inflammatorgynesa

As discussed later, this-@ssociation betweemultiple PFAS and the same health outcomes is
acknowledged as a present challenge of epidemiological reselinehsame studgf the Danish Birth
Cohortthat associated PFOS wiin early onset of pubgy in girls foundhat prenatalserum levelof
PFNAwvere associated with delayed onset of puberty in boys (Ernst et al., 28}t and colleagues
(2019) noted that these associations merit caution in their interpretation and require replication due to
their novelty.Unlike PFOA and PFOS, PFNA has been the subject otlglass research and its lower
background serum concentrations compared to PFOA and PFOS present a challenge to identifying its
effects in human populations.

Studies publishegrior to 2019 were considered as a part of the initial PFAS MCL proposal put forward
by NHDES (2019). At the time, two major documents reviewed the toxicity of PFNA in humans and
rodents (NJDWQI, 2018; ATSDR, Bp1&s noted in both documents, relatilydittle research has been
conducted on PFNA despite its historical use and presence in a variety of environmentalThedia.
NJDWQI concluded there was limited evidence associating PFNA with changes in serum ALT as a
biomarker of hepatotoxicityNIDWQI, 2(8), whereas theATSDRletermined these inconsistencies in
epidemiological data did not merit inclusion of hepatotoxicity as an associated health outcome for PFNA
(ATSDR, 20b3 In its initial proposal, NHDES agreed with the assessment made by Qielative

to adverse effects on the liver d@lNHDES maintains this positi@iven the limited amount of
epidemiological data currently available for PENA and its similarity in chemical stricfF® Aand
biological activities in animal models, NHDES determined that the associated hepatotoxic effects were
more relevant and sensitive for human health risk assessment than the developmental and endocrine
effects reported in animal studie¥vhile NHDES doe®t agree with the application of the database
uncertainty factoror animatto-human dose extrapolatigrthe arguments made for consideration of
hepatotoxicityby NJDWQI (2018)ere deemed appropriate given the existing information.

To date, the carcinaicity of PFNA has not been reported in a rodent model. The human

carcinogenicity of PFNA has not been classified by the U.S. EPA, IARC or CDC (ATSDR). Therefore, NHDES
did not conduct a cancdrased risk assessment for PFNA. Should additional informiagicome

available that is adequate for consideration afancer slope factor (CSBy PFNA, NHDES recommends
consideration as to whether its development and applicabésuch valuesvould be more protective

thanthe proposed MCL.
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Determination o& point of departure

As previously proposed by NHDES (2019), the principal study and point of departure (POD) was the same
study Qas et al., 2005recommended and benchmark dose modeled by the NJDWQB)2IMe critical

health effectwasincreased relativevier weight inpregnantmice following al7-d (duration of

gestation)oral exposure td?FNA (Das et al., 2015he internal LOAEL for these mice was 12,400 ng/mL
which corresponded to an oral dose of 1.0 mgtk¢Das et al., 2015). While no significant tatity was

observed at this dose, higher oral doses (>5.0 mglkgere associated with neonatal mortality in mice.

Wol f et al. (2010) demonstrated the profound effe
activationwhich raiseaincertainty about the galitative and quantitative relevance of this outcome to

human health Additional studies demonstrate that rodent models display hepatotoxic responses

towards PFNA (Wolf et al., 20M¥ang et al.2015 wi t h e v i-iddeperdent nte€¢hanBmRsA R a
(Roseret al., 2017).

This POD is based on the benchmark dose modeling work conducted by the NJDV8Jh (&(ir
technical documents fatheir proposed MCL of B ng/L. It should be notedhat NJDWQI did not derive a
RfD as a part of the MCL developmeat a ratio method was used instead of a DR water ingestion
rate to convert the target serum level to a corresponding water concentrabNbiDES did not arrive at
the sameMCLbecauseNHDES opted to derive a RfD consistent with the other PFAS edlaatwell

as useof the transgenerational exposure model for breastfeeding (Goeden et al.,, 20CEHHS, 20109

Application of uncertainty factors
A total uncertainty factor of 100 was applied to tR©Dfor PFNA based on:

Intraspecies variability (3¢ Interspecies variability (3) x Database limitations (3) = 100

For the norrisk assessor, the units of 3 and 10 are for partial (half) and full log units. So, a full log unit of
10 equals 1§ but a half log unit of I0or 1P°is equal to 3.162. Asanvention of risk assessment

using EPA methodology (EPA 2002), the value of 3.J88d9ented as. Thus, 1& 3 x 3 is rounded to

100 from99.982.

The full factor of 10 for intraspecies variability was deemed appropriate to protect for the poorly
characterized differences in toxi@ynamics ¥ 3 and-kinetics & 3 within the human population. As
NHDES applied a DAF to convert the rodent serum concentration to an oral human dose, only a partial
uncertainty factor ¥ 3 was applied for interspeciesriability. As the NJDWQI (Z)derived a

benchmark dose, there was no need for any additional uncertainty factors to account for LOAEL to
NOAEL conversion. As with PFOA, the critical effect of hepatic hypertrophy is considered the onset of
the adverseeffect in a sensitive model species. Consistent with PFOA, no additional uncertainty factor
was applied to account for acute-chronic duration of exposurd.he NJDWQI applied a full LOAEL to
NOAEL uncertainty factgx 10) to account for differences beteen the 17d exposure in Das et al.

(2015) and longer exposures resultingeported adverse effectsgmmarized in NJDWQI, 2018s
increased liver weight in mice is already considered to be a hagingitive critical effect in response to
PFAS, NHDHEStermined this was overly conservative giv@milar uncertainty factoconsiderationgor

the similarperfluorinated carboxylic acidBFOA.
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In its original proposal, NHDES applied a full database uncertainty factfrto account for the limited

exiding literature on PFNAx(3), as well as the absence of a serderived human halfife estimate &

3; NHDES 2019). As a part of its revision to the proposed RfDs and subsequent MCLs, NHDES utilized the
more conservative halife of PFNA derived for meand older womenGiven the application of this

more conservative halife estimate, NHDES removed the associated partial uncertainty factor for PENA.
NHDES retained the partial uncertainty factoxddto account for a lack of multigenerational rodent

studies using PFNA, as well as conderrpotential immunotoxic impacts seen with otherAF(NTP
2016;DeWitt et al, 2012,2019).

Estimation o& human equivalent oral dose

ThePODrepresents an internal animal serum level associated with the adverse health outcome of
concern. Dividing th®ODby the total uncertainty factor yields a protective target serum level
equivalent for the human populatiofThis is not a clinical or diagnimsvalue, nor should it be
interpreted as such

4,900 ng/ mL
Target serum —I—el—v6e6l—:f49.BFhlg/mL

To estimate how this internal blood level corresponds to an external oral dose of the specified
compound, a dosimetric adjustment factor is applied by multiplication to identify a dasgdhspecific
PFAS per kg of individual body weight per day (nd)k@his step accounts for the highl
bioaccumulative nature andnique halflife estimatesof each compoungand is consistent with prior
risk assessment methods for derivation of RfDs for PFAS (USEPA 2016ab; NJDWQI 20T 2®R18a;
2018&; MDH2019ab).The human equivalent oral dose is estimated by the following equations

Point of de_pxartur_e

Reference |me(tPrQDc) adj st ment f act
ot al uncertainty fa (LJJFU)

|
ctors

Where the DAF is equal to,

Ln(2)
DAF gx —V
ti/ 2

B Ln(2) )
DAF = ZOOT?%k:gdgxySSmk/-ag

Consistent with the initial PFNA MCL proposal (NHDES 2019), flrePFNA was 200 mL/kg based on
similar assumptions made AT DR(ATSDR 20b3. In this revisegroposal, NHDES adjusted the half
life value from 2.50 4.3 years based on urinary hiilfesestimated for men andolder women, groups
that tend to eliminate PFAS slower thgounger andeproductiveage women (Zhang et.a2013;
NHDES2019).As previously discussed in its initial propgd®#HDES, 2019YHDES would prefer to have
more reliable serum halife estimates for PFNifistead of the urinanderived estimates reported by
Zhang and colleagues (2018Bjowever, since the submission of the initial proposal no additional studies
have been published #i report a serurrbased estimate for the halife of PFNA in humans. Should
additional peerreviewed studies emerge that proddnore rigorousestimatesof these valuesNHDES
recommendsonsideration as to whether such data would represent and merg@ifsiant change for
the PFNA RfD.



16

Thus, using this chemiegpecific DAF and the aforementioned point of departure and uncertainty
factors, NHDES derived an oral reference dose for PFNA of 4.3chg/kg

4,900 ng%/mL
Ref erence —el—eisaeo—(XRSD)SrﬁLﬂ/lkiOg: 4. -3 ngl/ kg
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Perfluorohexane sulfonic acid or perfluorohexane sulfonate (PREXSB55-46-4

Principal study & consideration of health effects

For the derivation of a RfD and MCL for PFHxS, NHDES recommends the critical healthireiiadteof
female reproduction as detmined by reduced litter size initially reported@hang et al(2018).This
RfD derivation is currently under pessview with a scientific journal\i et al.in review). This is the
same critical health effect previslyproposedin the initial MCL proposal (NHDES 2019), atheit
present value iadjustedfor benchmark dose modelirgnd selection of endpoint specific factors for
dosimetric adjustmentNHDES developed the revised RfD in collaboration with extertaboaators,
Dr.’ s Leah Stuchal and Stephen Robert srevevont he Uni
the soundness of its derivation. Should peeview recommend revision and adjustment of the
proposed RfD, NHDEMI review the current MC to determine ifadjustments are required to be
adequately protective of human health.

Since its initial proposal (NHDES, 20tt#re has been a limited amount of new information generated
relative to PFHxSh& Minnesota Department of Health proposeddD for PFHXS of 9.7 ngféddhased

on reducedree T, in exposed ratsisingunpublished data fromhte NTPAt the time of writing this
recommendation, the ATSDR has not released a revision to their 2018 draft MRL of 2@ bggagl

upon thyroid follicular cell damage in rgi&TSDR, 20b3. PFHXS showed similar associations with
serological markers of liver function and inflammation as reported for PFOA, PFOS antiRRNA4].,
2019; Jain an®ucatman, 2019; Bassler et aR019. Despite its legacy of widespread environmental
occurrence associated primarily with AFFF use and growing regulatory interests, relatively little new
toxicological information has emerged for PFHxS dsioé2019.

Studies published prior to 20Mere considered as a part of the initial PFAS MCL proposal put forward
by NHDES (2019). This includegtvaluationof peerreviewedevidence considered by ATSR2R1)
including
1 thyroid toxicity including altered thyroid histology and reduceadeVelsin rodent models
(Butenhoff et al., 208, Chang et al., 201&amhgj et a).2018), as well as epidemiology studies
for altered T levels (Ballesteros et al., 2017)
1 immunomodulation in humang3randjean et al., 2012ong et al., 2013; Humblet et al., 201
Okada et al., 2018Buser and Scinicariello 2016; Stein et2016 Zhu et al., 2016)
9 reproductive and developmental toxicity in rodenBu¢enhoff et al., 2008Yiberg et al., 2013;
Chang et al., 2018; Ramhgij et al., 2018
1 hepatotoxicity or changeis lipid metabolism in rodentButenhoff et al., 2008Bijland et al.,
2011; Rosen et al., 201Chang et al., 2018; Ramhgj et al., 2048d humansNelson et al.,
2010;Starling et al.2014 Mattsson et al. 201p
1 and human carcinogenicity (Hardelladt, 2010; Bonefel et a014; Hurley et al., 2018).

To date, the carcinogenicity of PFHXS has not been reported in a rodent model. The human

carcinogenicity of PFHXS has not been classified by the U.S. EPA, IARC or CDC (ATSDR). Therefore, NHDES
did notconduct a cancebased risk assessment for PFHxS. Should additional information become

available that is adequate for consideration of a CSF for PFHxS, NHDES recommends consideration as to
whether its development and application would be more protectivanthe proposed MCL.
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Determination o& point of departure

As described in its initial MCL propo@dHDES 2019), the princlgudy and point ofleparture POD

was the same studyChang et al., 203&hat has been adjusted primarily by use of benchnaoke

modeling (Ali et alin review. The critical health effeatasreduced litter size imice following al4-d,

prior to pregnancyoral exposure t®®FHxS (Chang et al., 208 mentioned abovethe details and
methodology for derivation of the POD for PFldx&currently under review in Ali et ah(review.

Benchmark dose (BMD) modeling was performed using Benchmark Dose Software (BMDS) (Version 3.1;
USEPA, 2019Jhe critical effect endpoinwas a change in theean live litter size for adult GDfemale

mice, and due to the unavailability of littespecific datavas modeled based on PFHXS serum
concentrations on study day X#eported in Chang et al., 2018)his resulted in Benchmark dosef

41,200 ng/mL and 85% lower confidence limit on the benchmark d¢B&DL) of 13,900 ng/mL.

NHDES determinkthat this is an appropriately cautious endpoint given the limited number of animal
studies (reviewed in NHDES, 2019), considerably longelivedfof PFHxS in humans when compared to
other PFAS (Olsen et al., 2007; Zhang et al., 2013; Worley et al., 2017; Li et al., 2018), environmental
occurrence and exposures (Daly et al., 2018), as well as suggestive associations of reproductive impacts
in humans(Vélez et al.2015; Zhou et al., 2017; Zhang et al., 2018

Application of uncertainty factors
A total uncertainty factor 0800 was applied to th@ ODfor PFHXS based on:

Intraspecies variability (10) x Interspecies variability (3) x Duration of exposure (3)
x Datbase limitations (3) =0®

For the nonrisk assessor, the units of 3 and 10 are for partial (half) and full log units. So, a full log unit of
10 equals 1§ buta half log unit of 18or 10P°is equal to 3.162. As a convention of risk assessment

using EPA methodology (EPA 2002), the value of 3.J88dented as. Thus, 1& 3 x3 x 3is rounded

to 300 from316.14

The full factor of 10 for intraspeciesniability was deemed appropriate to protect for the poorly
characterized differences in toxi@ynamics ¥ 3 and-kinetics & 3 within the human population. As
NHDES applied a DAF to convert the rodent serum concentration to an oral human dose, otigl a pa
uncertainty factor ¥ 3 was applied for interspecies variability. As benchmark doseéeling was used

to derive aPOD detailed inAli et al.(in review), there was no need for any additional uncertainty factors
to account for LOAEL to NOAEL conwver#fter carefulevaluation of technicadomments and re
assessment of the literature and principal study aalditionalbut partialuncertainty factor(x 3 was

applied to account for acuteo-chronic duration of exposuref female miceln Chang et al. (2018),

female mice received a less than chronic expogiledays)to PFHXS prior tthe start ofpregnancy.
Because of the relatively limited number of studies on PFHXS and evidence for adverse impacts following
longer exposure to simitacompounds (i.e., PFOS), this was determined to be appropriate without being
overly conservative (e.g., a full factor»of.Q.

In its original proposal, NHDES applied a full database uncertainty factOrtpo account for the limited
existing literatwe on PFHx$ (), as well as associations with thyroid hormone and transport
interference & 3 NHDES 2019). As a part of its revision to the proposed RfD and subsequent MCL,
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NHDES determined the existing singkneration studies provide some basis foal@ating the

reproductive and developmental toxicity of PFHxS. However, NHDES retained a partial uncertainty factor
(x 3 to account for a lack of multigenerational rodent studies, as well as cofmepotential

immunotoxic impacts seen with other PF&ASt have yet to be assessed (NTP 2016; DeWitt £2@19).

The protracted human halife of PFHXS relative to other PFAS underscores the need for additional
research into biological impacts following chronic exposures.

Estimation o human equivalentral dose

ThePODrepresents an internal animal serum level associated with the adverse health outcome of
concern. Dividing th®ODby the total uncertainty factor yields a protective target serum level
equivalent for the human populatiofThis is not almical or diagnostic value, nor should it be
interpreted as such

13,900

ng/ mL
Target serum %e—g—g—b—#o%GPlFerQS/ mL

To estimate how this internal blood level corresponds to an external oral dose of the specified
compound, a dosimetric adjustment factor is applied by multiplication to identify a dasgdhspecific
PFAS per kg of individual body weight per day (ndjk@his step accounts for the highl
bioaccumulative nature andnique halflife estimatesof each compoundand is consistent with prior
risk assessment methods for derivation of RfDs for PFAS (USEPA 2016ab; NJDWQI 20T 2®R18a;
2018&; MDH2019ab).The human equivalent oral dose is estimated by the following equations

Point of de_pxartur_e

(PQOD) :
Reference#—e—s—e—&R—f—D@—-.Dommetrlc a d stment f acHt
ot al uncertainty factors (LJJFU)

Wherethe DAF is equal {o

Ln
DAF ax —
t1/

—~

2)

N

Ln(2)

DAF = 21 31_F9'|T/Ek:% a8>§/ SGrﬂle/ldiOg

In its revised MCL proposal for PFHxS, NHDES has changed baothritien#lflife estimate for PFHXS
to reflect the femalespecific health impact utilized as the basis of the RfD. Tiier WFHXS was
reduced from287to 213 mL/kg which reflects a femadpecific \ value for PFHx&undstrom et a.
2012). Sundstrom et al2012) reports the volume of distribution for cynomolgus monkeys, not humans,
andno human Yis currently available for PFHxS. Similar TEFR(ATSDR 2018b) and other agencies
(MDH2019b; MIDHHS 2019), NHDES used themmnan primate value as an estimate for the human
volume of distributionSimilarly, NHDES adjusted the Hd# value fronb.3to the femalespecific
estimate of4.7 yearqaveage)based oma study of a community exposed to PFHxS through
contaminated drinking watefLi et al. 2018discussed iNHDES 2019It is noted that use of this
average haffife estimate for women is less conservativerthanger average halife estimaes of 8.5
years (Olsen et al., 2007) or 7.4 years (Li et al., 2018) that rely on serumrewmels or longer
estimates of 7.735 years for women depending on age (Zhang et al., 2013). However, given the
conservative nature and sespecific effect selded for the POD of PFHXS, the usa df7-year halflife

in women was deemed appropriate without being overbnservative.
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Thus, using this chemiegpecific DAF and the aforementioned point of departure and uncertainty
factors, NHDES derived an oraflarence dose for PFHxS of 4.0 ngdkg

13,900

' ng/ mL
Reference d—e—i—go—éﬂfg})@mp&ﬂwg: 4 .- ng/ kg
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Summary oRecommende®fDs for PFOA, PFOS, PFNA and PFHXS

Recommended RfDs
NHDES recommendlse followingchronic oral RfBfor PFOARFOS, PFNA and PFHXS:

1 PFOA, 6.1 ng/kd
1 PFOS, 3.0 ng/kd
1 PFNA, 4.3 ng/kd
1 PFHXS, 4.0 ng/idy

These RfDs are for protectidrom the primaryhealth effectsof liver toxicity(PFOA and PFNA), immune
suppression of antibody responses (PFOS) and redunsalddertility (PFHXS) based on evidence from
animalstudies.In addition to thesgrimaryhealth outcomes, these RfDs are expected to be reasonably
protective for associatednd secondary (less sensitivealth outcomes that occur at similar or higher
serum concentrations in rodentSecondary healteffectsfor these and other PFASclude disruption

of thyroid and sex hormone levedéd their signalingeratogenic effects, earlife growth delays,

charges in cholesterol levels, neurobehaviceffects, renal toxicity and fertility in rodent models.
NHDES believes its selection of PODs, uncertainty factors anddpAksh Rflprovides adequate
protection of human health fronappreciable risk ahese pimary and secondary heal#ffects during a
lifetime.

Table 2 presents the NHDES recommended BfIMRLsalong with theirapplied uncertainty factors
those selectedy other agencies that have evaluated these same PFASapplication of uncertainty
factors follows EPA guidance (EPA 2002), and is dependent on the principal study selected and
consideration of other available studies. However, it is not uncommon for different risk assessors and
toxicologists to arrive at different applications of uncéntst factors when considering where

reasonable and healtprotective conservatism is being applied in the risk assessment process.

Discussion of scientifiocertainties

Whilethe human health effects d®FASs a rapidly growing area of scientific researtine exact nature

of their associated health effects in humaresnains uncertain (ATSDR, 201&lichigan Panel, 2018)

The crosssectional nature of most epidemiological studies precludes proof of causality between
measured PFAS serum concentrations and the reported associated health outcomes. This is especially
problematic as the extraordinarily long hdilfes of PFAS éars) make it difficult to disentangle the
associated health effects in these studies frorregposure to other environmental contaminants with
relatively shorter haHives (days to weeks). Additionaltiiere is a general lack of true control groups

for comparison as various combinations of PFAS are detectable in the blood of virtually all populations
from around the worldThereis concern for the implications of reverse causatigthwertain health
outcomes associated to PEA& an evolving area ofisntific research, NHDES anticipates new findings
will improve the understandingf PFASelated health effectsn humans

Due to the limitations of epidemiological studies, RfDs were derived using animalldeta.are
inherentuncertainties associatedith RfDs derived from animal studieEPA 2002xpecifically related
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to considerations of human health relevance (e.g., biological plausibility) and translation of animal
findings to human equivalent values (i.e., uncertainty factors and DAFs)

As a pa of its initial proposal (NHDES, 2019), NHDES considered the contentious igetexiome
proliferator-activated receptos u bt ype ao ( PPARa) asrdlevamceatohuman i n r oder
health. The activation of sePeRlfoRe repateddoxicresponsesiirbo ut i ng
rodent models evidenatby genetic knockout studies and gene expression profiling studiesyed

by ATSDR 20b&nd NHDES 20)L9This is especially true for hepatotoxicity and changes in lipid

metabolismin rodentsfollowing exposure to PFAfBie to upregulation of rodent specific pathways

leading to oxidative stres®eérkins et al., 2004; Loveless et al., 2006; Rosen et al., 2007, 2008, 2017; Das

et al., 2017; reviewed by ATSDR, 2618 vitrotestingdemonstiatesthat PFAS show a stronger

binding affinity for rodent PPARa whlheseandothgrar ed t
studies reviewed by NHDES (2019) suggest qualitative and quantitative differences in toxicity between
speci es -depementefedtR o

Such qualitative and quantitative differencesse concern for selection of critical health effects such as

liver toxicity based on rodent studies (reviewed by Klaunig et al., 28t@8)hare been a majoccriticism

of the haltlives derived b]NHDES and other agencies RfDs for PFOA, PFOS, PFNA and PFHxS. Based

on existing toxicological informatiohlHDE®ontends thatselected critical effectiiom animal studies

are appropriate for the protection of humanhealtivhi | e t he physi ol ogi cal rol e
B and vy) i n hudrilanthoseof tlee other susleardexdpiorn like the estrogen
androgenreceptor, there is evidence that they are involved in lipid metabolissemann an&reen,

1990 Lee et al., 1995) and function of muscle, adipose and immune cells throughout the body (Tyagi et

al ., 2011). | ndepend eisevidencé fordthBrMmecbanisnefdr iodeat toxicdayn , t her
(e.g. mitochondrial dysfunction) that apotentially relevant to humas and other organisms

(Hagenaaret al., 2013; Cui et al., 201f&viewed by Li et al., 2017; Li et al., 2018; NHDES) 201

Furthermore, evidence from nehuman primates further suggest that effects on the liver, cholesterol

levels, thyoid hormones and the immune system are relevant to humans and not isolated to rodent

studies Griffith and Long 1980rhomford 2001Butenhoff et al, 2002 Seacat et al., 2002Taken

collectively, this supports the NHDES risk assessment and derivation of RfDs using the selected critical
health effects.

With respect to uncertainty factors, NHDES received multiple comments regarding its application of
uncertainty factors in thenitially proposed MCLs (NHDES, 2019). Taplesents the uncertainty

factors used by other stater federal agenciefor the derivation ofRIDsfor PFOA, PFOS, PENA or PFHXS

and demonstrates that NHDES’' s sel alprctceAss ar e with
previously explained for each compound, NHDES considered available information from human and

animal studies to arrive at the total uncertainty factors applied for each RfD. Difference in principal

study selection and consideration of aahile data results idifferencesin the selection andapplication

of total uncertainty factors (EPA 2002). Given the selection of principal studies and considerations of
exposure assumptions described in Section IV, NHDES remains confident that itsiapmfca

uncertainty factors is appropriate without being overly conservative.
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Table2. Interagency Differences in Uncertainty FactStsnmary ofincertaintyfactor allocations RfDsand MRLs

by governmentrisk assessment groups

Specific Uncertainty ATSDR US EP?¢ TXCE®Q MNDOHY NJDWGQH NH DES NYDOH
Factors (MRLs) (RfD) (RfD) (RfD) (RfD) (RfD) (RfD)
PFOA
Principal Study Koskela et Lauetal. Macon etal. Lau et al. Loveless et Loveless et Maconet al.
al. 2016 2006 2011 2006 al. 2006 al. 2006 2011
Human Variability 10 10 10 10 10 10 10
Interspecies Differences 3 3 1 3 3 3 3
Duration of Exposure 1 1 1 1 1 1 1
LOAEL to NOAEL 10 10 30 1 1 1 1
Database Insufficiency 1 1 1 3 10 3 3
Total Uncertainty Factor 300 300 300 100 300 100 100
RfD (ng/ked) 3.0 20.0 12.0 18.0 2.0 6.1 15
PFOS
L Luebker et  Luebkeret Zengetal. Dong et al. Dongetal. Dongetal. Dongetal.
Principal Study al. 2005 al. 2005 2011 2011 2009 2011 2009
Human Variability 10 10 10 10 10 10 10
InterspeciedDifferences 3 3 1 3 3 3 3
Duration of Exposure 1 1 1 1 1 1 1
LOAEL to NOAEL 1 1 10 1 1 1 1
Database Insufficiency 10 10 1 3 1 3 1
Total Uncertainty Factor 300 300 100 100 30 100 30
RfD (ng/ked) 2.0 20.0 23.0 3.0 1.8 3.0 1.8
PFNA
Principal Study Das et al. na. Fang et al. na Das et al. Das et al. na
2015 2010 2015 2015
Human Variability 10 - 10 - 10 10 -
Interspecies Differences 3 - 1 - 3 3 -
Duration of Exposure 1 - 10 - 10 1 -
LOAEL to NOAEL 1 - 1 - 1 1 -
Database Insufficiency 10 - 10 - 3 3 -
Total Uncertainty Factor 300 - 1,000 - 1,000 100 -
RfD (ng/ked) 3.0 12.0 0.73 4.3
PFHxS
Principal Study Butenhoff na. Hoberman  Unpublished na Chang et al. na
et al. 2009 & York 2003 NTPdata 2018
Human Variability 10 - 10 10 - 10 -
Interspecies Differences 3 - 1 3 - 3 -
Duration of Exposure 1 - 1 1 - 3 -
LOAEL to NOAEL 1 - 3 1 - 1 -
Database Insufficiency 10 - 10 10 - 3 -
Total Uncertainty Factor 300 - 300 300 - 300 -
RfD (ng/ked) 20.0 3.8 9.7 4.0

n.a. indicateghe specific compound was not assessedaeported on by the specific agency
aATSDR, 20b3 DraftToxicological Profile fdeerfluoroalkyls

bU.S. EPA, 2016a. Health Effects Support Document for Perfluoroactscid(PF@)

¢U.S. EPA, 2016bBlealth Effects Support Document for Perfluorooctane Sulfo(REOS)
d TXCommission ofEnvironmental Quality (TXCEQ), 2Rérfluoro Compounds (PFCayailable at:
https://www.tceq.texas.gov/assets/public/implementation/tox/evaluations/pfcs. pdf

e Minnesota Department of HealtitMDH), 2018.Toxicological Summary for: Pedhooctanoate

fMinnesota Department of HealttMDH), 2019a.Toxicological Summary for: Perfluorooctane sulfonate
9 Minnesota Department of HealttMDH), 2019b.Toxicological Summary for: Perfluorohexane sulfonate


https://www.tceq.texas.gov/assets/public/implementation/tox/evaluations/pfcs.pdf
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h New Jersey Drinking Water Quality inge (NJDWQI), 201Appendix AHealth-Based Maximum Contaminant Level
Support Document: Perfluorooctanoic Acid (PFOA

iNew Jersey Drinking Water Quality Institute (NJDWQI), 204@zendix AHealthBased Maximum Contaminant Level
Support DocumentPerfluorooctane Sulfonate FO$

INew Jersey Drinking Water Quality Institute (NJDWQI), 2048bendix A: Heal#Based Maximum Contaminant Level
Support Docurant: Perfluorononanoic Acid (PBN

kNew York Department of Health (NYDOH), 2018 and persomahaaications Presentation available at:
https://www.health.ny.gov/environmental/water/drinking/dwagc/
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SectionV. Drinking Water Exposure Assumptidviedelingand Resulting MCLs

Using the reference dose (RfD) derived in Section lll, the MCL considers the estimated daily intake of
water from a specific source and how much drinking water contributes to the total exposure from all
other sources of a specifiebntaminant Specific methodologies for deriving health protective water
criteria aredetailedby the EPAYSEPA 1982004 2017, 2018. AlthoughNHDES chose a different
approach, he conventional method for deriving drinking water vadlum'lizesthe following equatn:
Reference-dd)ose g/ kg

Ma X i mum contamn—a—n—t—l—e—v—e—l—(—n—ga% .ative source contril
Daily water |-gest|on rate (L/ kg

Fora simpleexample, a drinking water validier PFOA using the currently recommended Rf[¥, 95
percentile ingstion rate of lactating women and a relative source contributtd®.5 (meaning 50%3
shown below. This approach was used in the initially proposed MCL, but is not being applied following
consideration of breastfeeding (Goeden et al., 2019).

Example for PFOA (not an u—a—lﬁkgg @eﬁommeﬁﬁaMgbh

The daily water ingestion rate is a bedgight adjusted factor specific to certain age groupsgendet
and tolactation or pregnancy statufnits initial proposal, NHDES selected the water ingestion rate of
the 95" percentile of lactating women, an estimated value of 0.055 {dK§PA, 2011; NHDES, 2019).
While lower estimates are more reflective of the central tendencies of the general papulaspecially
non-lactating women, they were deemed inadequately protecfivethe larger populationThe values
are selected fronthe Exposure Factors Handbook (EPA 2011), which was recedtyed specifically

for these ingestion ratesée Chapter 8f EPA, 2019)Theseupdatedvalues weraised by NHDES.

Instead ofapplying dixed daily water ingestion rate that is assumed to be protective across a lifespan,
NHDES applietthe toxicokinetiomodeldescribed byGoeden et al(2019)to consider how chages in

water ingestion at a given MCL are predicted to influence internal blood levels of eachTRISAS due

to the prolonged and elevateihternal doses (i.e., serum levels) predicted across infancy and childhood
resulting from PFAS in breastmidMHDES acknowledges that this is a departure from typical
methodology f@ deriving such a standard, btite unique properties of PFAEe., long haHives)merit

its application to be truly protective across all life stafsthe chronic health impactassociatedvith

these chemicals

The relative source contribution (RSC) is an estimate of how much tfpteal daily exposureiill be
allowed tocome from drinking waterEPA recommends an RSC floor of 20% of the RfD and a ceiling of
80% of the RfDThe intention of an RSC ceiling of 80% is to ensure that total exposure from all sources
does not exceed 100% of the RfD with a margin of safety for potential unknown or underestimated
exposuresPFAS are preseirt a wide variety of environmental med{&oriwaki et al., 2003; Trudel et

al., 2008; Haug 2011; Haug et al., 2011; Winkens et al., 2017) &@d 8onsumer productdHaug 2011;
Carpet and Textile TreatmentWashburn et al., 2005; Winkens et al. 2017; Cosmet@sg et al.,

2016; Fast Food Packagi- Schaider et al., 20),/with an evergrowing number of potential sources
identified Boronow et al., 2019; Kim et al., 2019; Nakayama et al.,)20@s, for the typical person, it

is unlikely that drinking water is responsilite 100% otheir expcsure However, an exact profile for

the proportions of exposure from various sources remains poorly charactefibethtter part of this
section details how this was evaluated by NHDES to arrive at a RSC of 50% for PFOA, PFOS, PFNA and
PFHXS.
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Applicationof Goeden et al2019 for exposure modeling

As a part othe evaluation opublished research angchnicalcomments on the initially proposed MCLs
(NHDES, 2019), NHDES has adopted the use of the transgenerational toxicokinetic model (detailed in
Goeden et al., 2019), fahe determination of appropriately protective healbased MCLS hisis a
toxicokineticmodelthat predicts the serum concentration of PFAS due to drinking water expasarre
consumption of breastmilk or formulcross a lifespan starting at birf@oeden et al., @19). It does

not predict an effect (health outcome) due to exposure from drigkivater, only the blood

concentration for an individual inr@asonable maximum exposure (RMEgnario The tolerable blood
concentration in the RMEcenariq or threshold, is determined by the chemiaglecific RfD and RSC.

This Excebased model is aviable upon request from the MN Department of Health.

After review of the model and studies on the placentahsfer(Fei et al., 2007; Midasch et al., 2007,
Monroy et al., 2008; Fromme et al., 2010; Beesoon et al., 2011; Kim et al., 2011; Liu dlal., 20
Needhamet al., 2011; Lee et al., 2013; Porpora et2013; Zhang et al., 2013; Kato et al., 2014; Cariou

et al., 2015; Manzan&algado et al., 2015; Fisher et al., 2016; Yang et al., 2016; Chen et al., 2017;
Mamsen et al., 200)9%and breastmilk trarfer (Karrman et al., 2007; Haug et al., 2011; Kiralgt2011

Liu et al., 2011; Cariou et al., 2018yllenhammer et al., 2018f PFOA, PFOS, PFNA and PFHxS, NHDES
determined t Hhorpunpoeek” andol f{ Goeden et al ., 2019)
exposure outcomes from theroposed MCLsSpecifically, the transfer of PFAS into breastmilk combined
with the relatively high breastmilk and water ingestion rates of infants results in aretbelevation

of serum levels throughout childhootdnder RME assumptions, the serum levels are predicibée
drastically higher than background serum levels seen in the general popuhatiich isassumed to be

free of widespread PFAS contaminatioriimking water Furthermore, this elevation throughout

childhood into late adolescence limits the RSC allotment for exposure to other sources of PFAS in the
environment that, to date, are not regulated.

The following subsections describe the inputs seléby NHDES for RME modeling using Goeden et al.
(2019).A summary of model inputs, and associated references, used by NHDES for selection of the
proposed MCLs are provided in Table 3.

Human haHife and \4 assumptions

Explanations of the selected hdilfes for PFOA, PFOS, PFNA and PFHXS are describaedisoubsions
of DAFs in Section Il of this repdfor PFOA, an average serbased haHife was selected from Bartell
et al. (2010), which was estimated from a sample population of 200 indivittoaisthe Mid-Ohio valley
who were exposed to PFOA from their drinking water supply to contamination from a DuPont
facility. NHDES selected the hiifi¢ estimates from Li et al. (2018) for PFOS and PFHxS. These serum
derived halflife estimates were étermined to be more representativef the general population, and
were obtained from &wedistcommunity (n=106 participants) exposed to PFAS, namely PFOS and
PFHxSrom drinking water contaminted by AFFF use at a nearby airbase (Li et al., 2G1&lly, the
half-life estimate for PFNA was selected from Zhang et al. (2013) which reportsased values from
a Chinese populatiofm = 86 participants).

Similar to the haHife values, the volume of distribution {Mestimates were identical to those selected
by NHDE® deriveRfDs folPFOA, PFOS, PFNA and PFHXS (Sectao Héferences there)n
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Table 3Exposure Model Paramete&ummary of parameters utilized in the transgenerational model
(Goeden et al., 2I0) by NHDES for derivation of proposed MCLs.

Model Parameter

Central or Upper
Tendency of Parametel

PFOA  PFOS PFHxS PFNA

HalfLife, years (yrs)
Placental Transfer Ratio
BreastmilkTransfer Ratio

Volume of Distribution (§, L/kg
Relative Source Contribution (RSC), %

Duration ofExclusive Breastfeeding,
months

Water Ingestion Rates, mLAdy

Central
Central
Central

Central

Central

Upper

(EPA Exposure Factors Handbook, 2019 Update)

Birth to <1 mon
1 to <3 mons
3 to <6 mons
6 to <11 mons
lto<2yrs

2 to <3yrs

3to <6 yrs

6 to <11 yrs

11 to <16 yrs
16 to <18 yrs
18 to <21 yrs
21+ yrs
Lactating Womar

Breastmilk Ingestion Rates, mL/&g
(EPA Exposure Factors Handbook, 2011)
Birth to <1 mon
1 to <3 mons
3 to <6 mons
6 to <12 mons

Upper
Upper
Upper
Upper
Upper
Upper
Upper
Upper
Upper
Upper
Upper
Upper
Upper

Upper
Upper
Upper
Upper

2.3% 3.4° 4.7° 4.3°
0.72¢  0.40¢ 0.70¢ 0.69°¢
0.050¢ 0.017 0.014* 0.032¢

0.170' 0.230' 0.213 0'3,90

50 50 50 50

Same for All 4 PFAS Exposure Scen
Models

12

224
267
158
133
57
67
45
41
31
31
31
44
47

220
190
150
130

aBartell et al., 2010° Li et al., 2018 Zhang et al., 2013 MDH, 2018, 2019ab
¢ MIDHHS, 2019 Thompson et al., 2010 Sundstréom et al., 2012; Ali et ah,review

"ATSDR, 2018

'Body weight and agspecific adjustments to thedwere maintained the same as described in Goeden et al.,.20
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Placental & breastmilk transfer ratios

NHDES applied previously selecpggaicental and breastmilk transfer ratios for PF@®H2018), PFOS
(MDH2019), PFNA (MIDHHS 2019) and PAHARSIR019). In line with théDHand MIDHHS, NHDES
opted to use central tendency values for each PFAS versus the uppéft pei@&ntile estimatedr
transferin the RME scenarid3able 3)

The exact quantitative nature of PFAS transfer across the placenta remains an active area of research.
For example, Mamsen et al. (2019) demonstrated that the accumulation of PFAS in fetal tissues begins
earlyin pregnancy and continues throughout gestation as specific PFAS are taken up by the forming
organs with slightly different efficiencies. Several studies of cord blood compared to maternal serum
levels of PFAS have been used to estimate placental traratfes and are used in the model to predict
the “at b i r(Fehetal.,2@07; Miaasdh etale 2007; Monroy et al., 2008; Fromme et al.,
2010; Beesoon et al., 2011; Kim et al., 2011, Liu et al., 2011; Needham et al., 2011; Lee et al., 2013;
Porpora ¢ al., 2013Kato et al., 2014; Cariou et al., 2015; Manz&abgado et al., 2015; Fisher et al.,

2016; Yang et al., 2016; Chen et al., 2017; Mamsen et al., . 2Z0iOxaverage materndb-cord bloodor
placentaratios ranged fron©.20 (Mamsen et al., 2019) to 1.24 (Midasch et al., 2007) for FI-OA,

(Fisher et al., 2014) to 0.60 (Midasch et al., 2067PFOS0.24 (Mamsen et al., 2019) to 1.18 (Monroy

et al., 2008) for PFNA, and 0.23 (Fisher et al., 2016) to 1.25 (Monroy20@8) for PFHx3. point of

caution in interpretingplacental transfer ratios in thesgudiesis the trimester of pregnancythat data

are collectedChanges in blood volume over the coruse of pregnancy are expected to affect the
maternal blood concenttéon, thereby influences cord blood to maternal blood concentration ratios for
various PFAZ ollectively, these studiggovide valuable and reliable information for estimating the
transfer from mother to newbornThis model does not predict fetal blood tissue concentrations of
PFASs this compartmentalization is poorly understood, although recent wauwkh adlamsen et al.

(2019) may lead to the development of such models.

Compared to placental transfefficiencieghat are welldocumened for PF/&, a small body of

literature informs our understanding of the PFAS in breastrAiika part of its review of the technical
documents described bYIDH (2018, 2019ab) and MIDHHS (2019), NHDES reviewed the source papers
for the breastmilk transfer ratioK@rman et al., 2007; Hauet al., 2011; Kim et al., 201Liu et al.,

2011; Cariou et al., 2015; Gyllenhammer et al., 2018)s@ studies demonstrate that the smaillerage
percentage ©.6-11% across various PEASt r ansf er r ed f whiamb tgpicatiwtt her ' s
concentrations of ng/mL qupb, results inbreastmilkat concentration ranges well above most existing
drinkingwater advisoriesCombined with relatively high ingestion rates of breastméliative to the

infant's body weight, this results in a spike of infant blood concentrationsttigamodel predicts will

remain high through childhood.

Durationof breastfeeding

A major assumption for the breastfeeding component of this model is the duration of exclusive
breastfeeding.Consistent with the RME scenarios selected by other sttd&iH 2018, 2019ab;
MIDHHS, 2019), NHDES used-mbath duration ofexclusive breastfeedirfgr all four RME scenarios.
Similar to the CDChé World Health OrganizatidiwWwWHO)defines eclusive breastfeeding as:

e
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“Exclusive breastfeeding means that the infant receives only breast milk. No other liquids
or solids are giver not even water—with the exception of oral rehydration solution, or
drops/syrups of vitamins, minerals or medicéie- WHO eLENA (2019)

A central tendency assumption for the duration of exclusive breastfeeding wolddrimths, but
NHDES selected a more conservative modeling parameter of 12 months of exclusive breastfeeding.
12-month exclusive breastfeeding duian is a conservative assumption because @2C recommersd

6 months of exclusive breastfeediagd some continuation through infancy given the clear benefits to
an infant’ s h dear developmentifter 6ineonthis oflage hieggecommendatioris that
other food items are introduced and breastfeeding continues for up to 2 years of age.

Thisassumptiorhas been arguelly someto be overly conservative relative to the RME scenarios as 1)
CDC recommended exclusive breastfeeding for up to 6 nsooitlage and 2) if an infantere exclusively
breastfeeding at or after 12 months of age, it is unlikely they are not ingesting other fluids or foods.
NHDES contends that this isemsondle assumption givef) the role that the duration of exclusive
breastfeeding plays in the MN model andt2¢ high rates of breastfeeding in New Hampshire and
breastfeeding trends across the nation.

MDHnotes that the duration of breastfeeding, along with breastmilk intake rates and water
concentration, are the most sensitive parameters of the model (MDH 2017). The duration of exclusive
breastfeeding and breastfeeding with complimentary foods variesthmiCDC recommends up to 2

years of breastfeeding with the addition of complimentary foods. The transgenerational model does not
contain parameters for apportionment of exposure from breastmilk versus complimentary,foods
formula,across the first twgears of life. Given this uncertainty for mixed exposures for breastfed
infants, NHDES agreed that the assumption of-mbath exclusive breastfeeding duration was
appropriate for estimate for the purpose of the model.

Results from théNational Immunizabn Survey (NIS$)dicate that, in thegeneralU.S.population of
newborns approximately 24.9% 1.2 (+ half 95% Qij infants are exclusively breastfed at 6 months of
age By 12 months35.9%t 1.30f infants consume breastmilk along with complimentfogds and
liquids(CDC, 2018. New Hampshire specific estimates from this same datasethete30.2% + 5.8 of
infants exclusively breastfeed at 6 months of agkile 45.6% * 6.5 breastfeed at 12 months of age
addition to complimentary food€CDC, 2(8a). Based on the historical trends, the 2018 Breastfeeding
Report Card (CDC, 2018b) indicates more women nationwideraastfeedingor want to breastfeed
their children, giving weight to the consideration of breastfeeding and selecting a conservato@mvi
of 12 months.

Breastmilk and rihking water ingestion rate assumptions

This transgenerational modelaluateshe impact of changing water ingestion rates across a lifespan.
Theseingestion rates are expressedlgersof wat er per kil ogram of an ind
(L/kgd). As a person grows, their physiological demand for water changes and this is reflected by age

specific ingestion rates, or Ifgrocess specific rates in the case of pregnant and lexgatomen. To put

this in context of historical practice, the EBficallyassumed a drinkingater ingestion rate of 2 L/d
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for adultsand 1 L/dfor infants and children under 10 years of age (U.S. EPA, ZI6f)adjusting for
body weight, these typidaates would underestimate the water consumption of infants, children and
lactating and preghant womeithus, consideration of these litage specific values is prudent for a
persistent and highlpioaccumiative class of drinking water contaminants.

To be protective of the general population including higihd water consumers\HDE&ppliedthe 93"
percentile water and breastmilk ingestion ratiaroughout life in theRME scenarios for PFOA, PFOS,

PFHxS and PFNFhe use of the 95percentile for waer ingestion ratess consistent with the initial

proposal, and this is simply an extension to other life staBesently updated values in 2019 Updated
Chapter 3 of the Exposure Factors Handbook (EPA, 2019) were combinedtmitated breastmilk

ingestbn rates from Chapter 15 of the 2011 Edition (EPA, 2011). As these changes were specific to water
ingestion, not breastmilk, the differendeetween the 2011 and 2019 estimates for infagrtshange of

9% to +3%or those <1 year of agavas determined tde a minor and tolerable change to the RME
scenarios. The breastfed RME exposure was the driver of the MCL for all evaluated PFAS, and therefore
protective of an individual in the formuted RME scenario.

Consideration dfhe Relative Source ContributiRSC)

Exposure to PFAS is not solely due to drinking watein order for the MCL to be health protective
NHDES needs to account for the contribution of other sources towards the reference dosdRfD).
proportion of exposure attributed to a speciiourceis accoungd for through the relative source
contribution (RSC). With respect to a MCL, the R®& {sercenage of total exposure typically
accounted for by drinking wat€dEPA 2000). This valuan be referred to as a proportion or percentage,
and EPA recommends ceiling of 80% and a floor of 20%. A smaller RSC for drinking water exposure
results in a lower regulatory standard, but implies that sources other than water contribute more
significarly to exposure.

Presently, there is nmventory of allrelevantsources of PFAS expostiwedeterminewhat proportion

each source shares anRSC for the general populatidheveral studies have characterized specific
media such as dudiood (Kowalcygk et al, 2013;reviewed by EFSA, 2018nd breastmilkgreviously
discussejland estimated the percentages of total exposure attributable to these sources; but no single
study ha merged these findings to estimate the reasonable and realistic RSCrkindrivater.

In the absence of such data, the EPA provides a decision tree for identifying an appropriate RSC
(replicated in Figuré; EPA 2000F-ollowing this process, NHDES determined:

A (Box 6 to 8aYes, here are significant known sources of theSAB other than drinking water
As a result of their dispersion into the environment and lack of adequate removal from waste
streams, there are known sources of PFAS that contribute to environmental exposures. This
includes release into surface water and implications for fish and snedbnsumptionKair et
al., 2019, and the impacts dPFASontamination of soi(Filipovic et al.2015 Scher et al.,
2018, dust(Fu et al., 2015¢Vinkens et al., 200)&nd agriculturerelated exposuresNascimento
et al., 2018reviewed by Ghisi etla 2019.
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A (Box 8ato 8cYes, there is some information to make a characterization of expadssire
mentioned above, there is some data on environmental sources to make rough
characterizations. Additionally, there is blood data from Megtional Health andutrition
Examination SurvefNHANES) to estimate the general exposure of the U.S. population to PFAS.
The NHANES data for blood levels of PFAS is assumed to reflect general exposure to all sources
in the U.S population, and is presumed to not reflectelmesults of excessively high exposures
relative to the proposed MCLdye to contaminated drinking water as seen in the communities
of Southern New Hampshifeease Tradeport and Southern New Hampshire.

A (Box 8c to 3) NHDES performed apportionment witl@% ceiling and 20% floor for each of the
assessed PFABhis apportionment was achieved using the EPA subtraction method (EPA 2000).

The subtraction method (EPA 2000) estimatesapportionment of theRSGs based on assumed
knowledge of the background exposure. For PFAS, the subtraction method has been mathematically
applied as follows (NJDWQI 20MIDH2018, 2019ab):

n
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e—e o F
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The difference between the target serum level and the RfD is that the former is an internal blood
concentration while the latter is the external amount of the chemical that could come from multiple
sourcesFor ezh of the compounds, thearget serum levels were: PFGA3.5 ng/mL, PFOS23.6

ng/mL, PFNA 49.0 ng/mL and PFHx816.3 ng/mL. The reference population serum level is meant to
reflect a background level of exposure from the general population, notlweiss highly exposed due

to a specific environmental source such as drinking water. Using the NHANES average serum values,
subtracting this background level from the target serum level (the maximum allowable level) results in a
proportion that is presumily permissible for drinking water alone. Other sces including foodjust,

treated consumer productée.g., carpeting, cookware, food packagiet,) are assumed to be included

in the referenceor background populatioblood concentrations

Using thisapproachwith the NHANES 204214 data for children ranging in age from 3 to 19 years (as
reported in Daly et al., 2018NHDES arrived at RSCs of 50% for PFOA, PFOS, PFNA atthfeHssS.
initial proposal, NHDES selected the NHANES dataset oveséhef NHspecific estimates. The NH
specific blood data was focused on communities whose primary exposs associated with drinking
water, and would therefag overestimate nordrinking water exposursourcesif used to establish an
RSC as initially pposedin Januar{NHDES, 2019). Thus, the NHANES dataset was deemed more
appropriate to account for other nedrinking water sources of exposure. For an understanding of how
the NHANES data compares to that collected from one of the hegfggsedcommunities in New
Hampshire and the limitations of interpreting these findings, readers are referred to Daly(2018).

Instead of using the general population (i.e., all ages), NHDES estimated RSCs based on the serum
concentrations from those youmg than 19 years of age (Table 4). As emphasized in several comments
made to NHDES on its initial proposal, the risk assessment needs to consider current information for
children. Since the phase out of certain PFAS, but not all, the @mhtwarage seruntevels have

declined suggesting some reduction of background exposure. Given the emphasis of the RME on infancy
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and early childhood, NHDES determined it was appropriate to derive the RSC with specific consideration
of this group All of the values for PO PFOS, PFNA and PFHxS were at or above 48.3%, therefore
NHDES opted for an RSC of 50%.

NHDES acknowledges that the use of the general NHANES estingdtesludesadults with historically

high exposures results in similar or more restrictive RSC sjadgpecially for PFOS. However, the RME

scenarios for the proposed MCLs indicate that the predicted serum level for thee96entile of adult

water consumers igpproximatelyequalto or below the 20% RS(@d therefore sufficiently protective

after corsidering the context of the national dataset. Furthermore, the cap of 50% desglitalated

higher RSCs for each of thesountsfor the unknown and novel sources of PFAS exposure, as well as

the higher serum | evel s oflyd&pgogeGcomhmnounittesl i n New Hamp

Table 4Relative Source Contribution Estimatéstious relative source contribution (RSC) values resulting frc
use of the EPA subtraction method (EPA 2002) in combination with available serum datadeometric
mean (GM) an@®@5" percentile from the NHANES 262814 dataset, as reported in Daly et al. (2018)
Resulting RSC
Allotment for Drinking

. Reference Serum leve  Target Serum Level
Reference Population

(ng/mL) (ng/mL) Water (%)
PFOA
3-5 year olds (GM) 2.00 43.5 95.4
6-11 year olds (GM) 1.89 43.5 95.7
12-19 year olds (GM) 1.66 43.5 96.2
3-5 year olds (95 percentile) 5.58 43.5 87.2
6-11 year olds (95 percentile) 3.84 43.5 91.2
12-19 year olds (95 percentile) 3.47 435 92.0
PFOS
3-5 year olds (GM) 3.38 24.0 85.9
6-11 year olds (GM) 4.15 24.0 82.7
12-19 year olds (GM) 3.54 24.0 85.3
3-5 year olds (95 percentile) 8.82 24.0 63.3
6-11 year olds (95 percentile) 12.40 24.0 48.3
12-19 year olds (95percentile) 9.30 24.0 61.3
PFNA
3-5 year old{GM) 0.76 49.0 98.4
6-11 year olds (GM) 0.81 49.0 98.3
12-19 year olds (GM) 0.60 49.0 98.8
3-5 year olds (98 percentile) 3.49 49.0 92.9
6-11 year olds (95 percentile) 3.19 49.0 93.5
12-19 year olds (95 percentile) 2.00 49.0 95.9
PFHXxS
3-5 year olds (GM) 0.72 46.3 98.4
6-11 year olds (GM) 0.91 46.3 98.0
12-19 year olds (GM) 1.27 46.3 97.3
3-5 year olds (95 percentile) 1.62 46.3 96.5
6-11 year olds (95 percentile) 4,14 46.3 91.1

12-19 year olds (95 percentile) 6.30 46.3 86.4
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Adaptation of EPA Exposure Decision Tree for
Defining Proposed RfD Apportionment.

1. Identify populations of
concern.

¥

2. Identify relevant exposure
sources & pathways.

¥

3. Are adequate data available
to describe central tendencies
& high-ends for relevant
exposure sources/pathways?

US EPA. 2000. Methodology for Deriving Ambient Water Quality Criteria for
the Protection of Human Health (2000) Documents.

10. Yes to #9. Describe
exposures, uncertainties,
toxicity-related information,
control issues, and other
information for management
decision. Perform calculation
associated with Boxes 12 & 13
(as applicable)

9. Yes to #3. Are exposures
from multiple sources (due to a
sum of sources or an individual
source) potentially at levels
near (i.e. ,over 80%), ator in
excess of the RfD (or POD/UF)?

4. No to #3. Are there sufficient data, physical/chemical property
information, fate and transport information, and/or generalized
information available to characterize the likelihood of exposure to
relevant sources?

5h. No to #4. Gather
or more information and
re-review.

5a. No to#4. Use 20%
RSC with respect to RfD
or POD/UF.

v

6. Yes to #4. Are there significant
known or potential uses/sources
other than the source of concern?

v

8a. Yes to #6. Is there some
information available on each source
to make a characterization of

exposure?

7. No to#6. Use 50% RSC
with respect to RfD or
POD/UF.

8h. No to #8a. Use 20%
RSC with respect to RfD
or POD/UF.

8c. Yes to #8a. Perform
apportionment as described in Box 12
or 13, with a 50% ceiling/20% floor.

v

13.Yes to #11.
Apportion the RfD (or
POD/UF)including a
80% ceiling and 20%
floor using the
percentage approach.

Figurel. Adaptation of EPA decision tree (EPA, 2000) for determining the RSC. Black boxes, text and arrows
outline the decision process used by NHDES to arrive at the subtraction method for PFAS with a 50% ceiling.
The target serum level is a population assessment valoeglinical from the derivation of the RfDs, detailed in
Section IlI.
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Section VDiscussion of the MCLs proposed by NHDES

Based on the previously described RfDs, exposure considerations aichapp of the
transgenerational model (Figu®, the proposd maximum contaminant levels (MCLs) are:

12 ng/L for Perfluorooctanoic acid, or perfluorooctanoate (PFOA)

15 ng/L for Perfluorooctane sulfonic acid, or perfluorooctane sulfonate (PFOS)
11 ng/Lfor Perfluorononanoic acid, or perfluorononanoate (PFNA)

18 ng/L for Perfluorohexane sulfonic acid, or perfluorohexane sulfonate (PFHXS)

= =4 =4 =4

These healttbased values are intended as heaftfotective limits against the chronic health effects for

a throughlife exposureThe primary associated health outcomes are hepatotoxicity and changes in lipid
metabolism (PFOA and PFNA), suppressed immune response to vaccines (PFOS) and impaired female
fertility (PFHxS). Secondary associated health effects that aretexjtecbe less sensitive are changes

in thyroid and sex hanone levels earlylife growth delays, changes in cholesterol leaid biomarkes

of liver function neurobehavioraéffects, anda possiblaisk for certain cancer@.e., testicular and

kidney)

Modeled Exposure Results

Figure2 shows the model result for predicted serum concentrations atpgtaposd MCL for each PFAS.
The exposure starts at birth with the assumption that the mother is at a stetatg serum level from
consumption of water athe modeled drinking water concentration. The solid blue line represiuats
highest exposure in the RME model, showingpghedicted serum level for a breastfed infant who
consumes breastmilk and water at the"9percentile ingestion rates throughoufdiand is born tand
breastfeeds froma mother with a similar water consumption rafEhe solid green line represents the
predicted serum level for a formufed infant who consumes formula (reconstituted with water at the
MCL) and water at the 95percentile ingestion rates throughout life and is born to a mother with a
similar water consumption rate. The dashed lines represent the predicted serum concentrations for
individuals at the central tendency or average breastmilk, formula and water ingestas ra

There is a clear spike in predicted serum levels of breastfed infants due to the aforementioned transfer
efficiencies of PFAS into breastmilk. For infants, this is concerning due to the potential feohand

mouth behaviors in later infancy that habeen shown to contribute to PFAS exposure in children of
thisage (rudel et al., 2008 Because of these potential exposures and the suspected health impacts on
early development, NHDES selected an MCL value that does not allow the predicted infant serum level
to exceed the 50% RSC of the RfD or target serum level. It is true that thel tend@ncy consumers

fall well below this threshold. ¢Wvever, it has been shown that when considering variants on the RME
scenarios the use of the 9%ercentile ingestion ratés adequately protective for other factors (e.g.,

higher breastmilk transferféiciencies odongerhalf-life estimates) (Goeden et al., 2019).

The long halfives of these compounds result in significantly elevated serum lpealking athe
cessation of breastfeedg and continuingthrough the remainder of childhoodVhile thepredicted
steadystate concentrations for adults or formufad infants would allowess restrictive MCI_s
breastfed children could potentially exceed the RfD due to other sources such g¥\inkéns et al.,
2018)or foods and food packagin®( e o n, 209% reviewed by EFSA, 20Q18his point further
emphasizes the appropriateness of the 50% cap on the RSC as selected by NHDES.
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Figure2. Predicted serum PFAS concentrations in response to upper (95th percentile) and average (mean) water
ingestion rates (IR) at theroposed MCLs. Blue lines indicate results for breastfed infants with 12 months exclusive
breastfeeding, and green lines indte results for formulged infants. Solid lines represent upper IRs and dashed
lines indicate average (mean) IRs. Estimates made using the model described in Goeden et al. (2019)
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Usngthe proposedMCL values for each compound, serum concentrationgoaitizble to drinking

water can be estimated for an individual across various life stégkpted from Figure 2JFor

newborns (at birth), the estimated drinking water contribution to serum concentrations for tHe 95
percentile consumer would be: 2.9 nginfor PFOA, 2.2 ng/mL for PFOS, 4.0 ng/mL for PFNA and 6.9
ng/mL for PFHXS. The model does not predict fetal tissue concentrations, so the predioied at

values represent the aforementioned placental transfer efficiencies. The predicted drinking water
contribution to serum concentrations for the 9%ercentilebreastmilkconsumer (athe end ofl year

of exclusive breastfeeding) would be: 20.6 ng/mL for PFOA, 12.4 ng/mL for PFOS, 25.1 ng/mL for PFNA
and 23.5 ng/mL for PFHxS. Adults at steady statewioly constant water consumption at the '95
percentile are predicted to have drinking water contributions of PFAS equal to or less than: 3.8 ng/mL
for PFOA, 5.1 ng/mL for PFOS, 5.7 ng/mL for PFNA and 9.2 ng/mL far PFHxS

As a point of caution in interptation, the previously described results assume no fluctuation from the
95" percentile drinking water consumption rate across an individual lifespan. That is to say"the 95
percentile consumer remains the 9%ercentile consumer every day. These estisanclude several
conservative and protective assumptions, such as the use of thep&sentile of drinking water
ingestion rates (adjusted for body weight) throughout life, not the average water consumer or
fluctuations between these tendencies. Additally, the modeled outputs may not reflect individual
variations in biology throughout lifé&-&bregaet al., 2014Worleyet al., 2017) and are intered for
populationlevel exposure assessment. However, as described by Goeden et al. (2019)fahis fit
purpose tool provides important insight into exposures during critical life stages of development.
Further development and refinement of muttompartment models will certainly prove useful for future
risk assessments of these and other PFAS.

The proposd MCLs areredictedto result in a modest increase of serum concentratidns to drinking
water levelsput, as argued by Post et al. (2013)ich increases relative to background are preferred
over the significantly larger serum levels that are presticfor the previously proposed MCLs (NHDES,
2019) or the EPA lifetime health advisories (EPA, 2016ab). Based on current evidence, this level of
exposure is expected to be sufficiently health protective relative to current background levels reported
in popdations of concern, such as children and adolescents (Table 4).

Limitations and uncertainties

As with any risk assessment, this process was subject to uncertainty and limitatraitations included
recommendation of individual versus grotppsed MCLs for PFAS, and consideration of background
exposure using the RME scenarios described in Section IV. A major uncertainty was quantifying the exact
risks of disease incidence for eaadmpound, which is also a significant challenge for quantifying, or
monetizing, the benefits of the proposed MCLs.

A Ilimitation to the present assessment is that th
predicted impact of drinking wateexposure, not other background sources of exposure. In general,

there is a downward trend for the background levels of most measured PFAS based on the NHANES

data. NHDES considered this with its use of the NHANES data to derive and apply a 50% RSC for each
compound. Although PFOA and PFOS were recently phased out by most U.S. manufacturers, there

remains potential for exposure to these and other PFAS from imported produthe degradation of
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precursors into PFOA or PFOS in the environméeaterthelessthe appropriatelevel of conservatism
applied in the assumptions of drinking water ingestion rates and RSC provide reasonable protection.

At this timg NHDES is not recommending a claased approach to regulation of these compounds.
This is a limitatiof the present risk assessment given the considerable number of PFAS detected in the
environment and used in commerce. However, individual assessment of each confpandeach

oneto have relatively unique toxiedynamic and-kinetic properties based oconsideration of existing
animal toxicity and human data. Despite similarity in the rangd@proposedMCls for these 4 PFA®

is likely that future individual assessmentising current EPA methodologf,shorter carbon chain
PFASuvill result in hgher drinking water valug®r shorter carbon chain compounds as a result of
shorter halflives Given these considerations, it was determined that a class based approach was not
advisable at this time. Should other state agencies or the U.S. EPA ideigifgebased methodgor

group regulation that account for some of the unique properties of these compounds, NHIDES
consider this approach

Currently there is uncertainty to quantifying the health risks associated with exposure to PFOA, PFOS,
PFNAPFHXS and other PFAS. A growing number of epidemiological and animal toxicity studies are
adding to the body of evidence for the biological activity and health outcomes associated with these
contaminants. However, the exact nature of PFASted health haards remains elusive due to a

variety of factors including, but not limited :ta limited understanding of the toxicological mechanism of
action,their occurrence worlevide and lack of control (i.e., PRA8e) populations to compare health
outcomes agaist, lack of londerm studies despite decades of use, aneegposure with other PFAS

and other environmental contaminantadditional research is critically needed to address this issue and
better characterize and quantify the risks associated with PFAS.

Conclusios

The lower MCLpropo=d in this reportare primarily due to consideration die elevated serum levels
predicted for infantsand young childreminder a reasonable maximum exposure scenaridhd initially
proposed values, these spikes ifiaint blood levels of PFAS would resultiracceptable reductions in
the margin of exposure from infancy through childhood due to the unique properties of PFAS. Their
capacity to transfethrough breastmilk combined with relatively long hdilfes of eaclttompound

merits the use of novel methods (i.e., Goeden et al., 2019) to provide a more accurate assessment of
exposure. This is not a recommendation against breastfeeding for women who are currently
breastfeeding or plan to breastd as the benefits of ieastfeedngare verywell-defined relative to the
potential risk associated with PFAS. NHDES recommends these MCLs to afford adeqdatenlong
health protection of the population based on its assessment of these four PFAS.

Thehuman health impacts of RSis a continuously evolving areasgientific researchand is expected

to continue changing in the future. The assessments made by NHDES are based on currently available
information but recognizes that science is a process, not an outcbotare assesments of these and

other PFAS compounds may result in higher or lower health protective values based on the best
available science at the timblHDES will continue to review emerging information as a part of its
ongoing efforts to understand the impact§ BFAS contamitian across New Hampshire
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